'AN INVEST : SATIOl*< OF LUBRICATING OH’ 
FILM BREAKDOWN PRESSURES UNDER 
STEADY AND INTERMITTENT LOADING 

TTiJcaSi" 

ARTHUR D. BARNES 




TJnrary 
\ S. Naval 



1 a vir-Juatc School 



Monterey, California 



i t - iTIi 



Ta, nu sim ecu, ot 

L*?art» *i\t of X«cn«nick.! &njln ©ring 



Ah ISV . - * Jf LUfeCICATIi , Al> flu* 

t'MSWr ^ asp./ IT'. LT , 



.sK - Lt-j'tli 

LOmDISG 



A Thesis 



By 

lii n1tcn5r.ii t (junior "raC©; ti« ii • C'0i.H y 0. i * -V, vy 

\V 

sad 

Lieutrnsnt (junior grace; C, BAfln 2 , si. o» ¥!f 



SuBasitteC in partial fulfillment 
for the ce;«.r & of 
W.tT h .)! BC1-SCE 

Jua«» 1932 







rr . «u 




•• .4 ikUl) irUl) I 
turn 






•tti 



, 









Introduction 



The investl tloc of hr • - L'dotn; uro.-sur** of 
lu- ri citin'’ oil fil*s tn.s mi *1 to establish c 

definite relation bH* ten th# iff^cit of ssi-.it.dy and later- 

alt tent loads on a b* *?ln « ?*. 'to* it tuo extended 1;;> in- 

< 

elude t-i.. cor re it- 1 ion of *.* way of tee vsrkMss r-hich 
f.-nt"’r into t:v establishing . oi sin tain in 4 jf an oil 
fils &s possible. : uch an invisti *.tio:i had by on 
instituted in 19. I by lieutenant ?■• i . Blue, &. bavy , 
and Lieut. slant (junior ^red*j :l. L. L. 1. fisvy. 

Credit is due ttra for t« Lr ^lan .eria --forfe in the con- 
struction of the basic cachin’ ..ad Initiating the t«*t. 
Various r«eo»ivndaticsas by Lieutenants &iu« and ewart for 
codifications in th. r. chins • rid procedure htvt, b to 
carried, out insofar **o tia»s tad funds hsrr. > rnittoa* 



It sr.;,s accessary to obtf.in additional e.;ui,>»efit end 
re ilaee so*s» of th/ original rhich t*fc.s not ar.iiahi* for 
our use durln , this current y*.&r. Considerable ti^e res 



/ 



s ient in loentlnr «s<S oot^inir*. this c..ui 'Si-nt, in manu- 
facturing various ovrt-a of tfc«t ayperaUta, and in u&king 
the v-: t loo? •sod if. lections. 
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Description of » pajatu * 

The r*. china ro.iwr for tv; tin*, tr.. cr • :..<ora 
r esure >f oil : 11*83 C'*naii.*t. rl.sril/ of a teat bv&r- 
io jnd ah«.ft, a lo 4 in; £«<t;>wnl5-. by -ihich t tv» io*& is 
j'iltfd to tb? trot *, a a' ‘os of tirfia; t »t ",* 2 - 

uituds of the load, t © ‘snsnic 1 ■ fcbvS of alternately 
a poly in,; end the loi o, -rsd a *ass»ns of fa ml. h- 

ine a continuous *»d constant so • iy of lubricating oil 
to the t . t b.-trin . 

m* rp xi t*TL: i 

i , mii *>- , ,. . v w » 

The t*»t searing i- a. bronr* m«;i • ith u b. rbitt 
linin.; fc/oroxlvetely >. 125** in thickness* ? , ell was 
originally 4 1/4* in diaustsr mi fc n in I-.n to, but h*:s 
sen stm«*’fce t flattened on thr. to 3 to provide a convenient 
surf&ce for tpplic tion of tl.- lo*.d« The ov r-ll diicaet r 
he* been further iner r sed by tie con* trust l on of c v&ter • 
ifeCKst of sfaeet cop.v-r * teri&i, Levity & water a >«3« of 
1/2*, The jc.cfc.et extend* r.t >unl toes t».o ids* of tnc 
circumference c» shown in Ft are 6. It rr * n't or ctic-1 
to extend tho jacket c-sevieialy » round t ■ cireu*#" ervnee 
due to tbv nec- tsity of apol/ii. * the io a to tLw b- nr- 
in? or* the top, ,:id of intro! acin t * iuuriot ‘-in ; oil 
into tns bear in,-, t the betto , A tr.er on* l r well wns 
drilled redinliy into the . .•• 1, -nd ter. vnt to *.i d in 
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•contact with the babbitt * f. r at practicable, Tb« 
b.bfoitt *es tarn <5 to a. nostintl die-*® tar of 1.998” oud 
ro&saed to :iv& a .006* diiasetral cl .cranes on the teat 
shaft. An oil - reave 1 3/4 P ion , 3 / 'lb T ‘ wida, end l/8 K 
de-op was out axially tsdong toe bo t ton of the be x ring at 
tn# joint wiser* to© iubrlcrtin* oil is introduced. 



>T illlfT. 



The tost shaft is of casc-h&rdsned stocl, , round 
and polish’d to a alar at or of 2 . .) JO 5 * s,Ion.| its lan.-th. 

It is 21* 1 oi*z$ U»th cds extending beyond its sup ort 
bearings sufficiently to p«rr.it the installation of a 
oallejr on one side s?»4 the use nf a hand taefcoaatar on 
the other. The shaft is not restrained axially, but Is 
free to find its own running position in the bssrisfj. It 
is belt-drivtn b, s 5 11.?., 12 J volt, snout -ound, direct 
currant, actor, speed control of which is obt ined by 

r.a&na of two portable la's,, b-nks in, the field circuit. 

?nr tv- ' 

: ... -V. X.+ , - » 

The looking aech-r.isa consists of s,.r rni parts, 
nuaely, a load bar, four 3/4* steal ii o-roctc, sr«d » strong 
bach which receives the load transmitted by th* tie-rois 
fro* the load hi r. The strong Mai loads m« Marin* which 
is iocsteu at its central point. An att-ropt was rade to 
avoid eccentricity of loading by coin? a 3/8 11 steel bull 
betw an the. strong balk arw tset bear lay. It ooped 
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t i: t th lo»? ,in « rr-iM not cl j ■ c*ntin_; of the 

bear in;’ an ths to*t shaft • ith » »os*;lo • r',ait&nt local 
br^e.vdorn of toe ail fils. In radii* an to t bo-L, tnr--.e 
l/S* atri js of bafcyXit. r sro ins rt.t bcir^.-.n th. strong 
b£- ;fc .«d baering for •I«ctrie iniulatloo. Tro stud bolts 

fro- th« b«arir.ig • it.tA th ou;fc tn» stron * b* ;k anting 

as its vertical ;uidci, ind el»o s-rv to . r vent the 
t rat be&ric-r f ra rota’: in e *ith t;v.v iru.it. 

The strong hoe it is >5 of slid st:cl 4 s x ? n ?. 13" 
ttivi is sufficiently he&iy so that its deflection r> to 
canter load la ' la n ,ii lbl< . It is drill**? *t end 

to racoiT t tie-rod r and trail .rittrb loii froa ths lor-d 
bar* It i also drill d to ;>• r it ths poas*., •-*• of t» o oil 

cuo faeda fc-> the tost *h ft su ort bearing* ;.nd a robber 

hose 4 ur per- contraction bvtwern th r- ter jackets on tha 
two sides of the t»st bf*«.rlr»s. 

T.a lo:d o;,r la f -lid eteal nttriei 2 * * JL« x U*. 
It i? arm ..led at 1475®? • i« tn» •lactric farnac* for ton 
ainute* and thvn drawn, aft •>;• &:» oil . j* nch, fit o50®f. 
for thirty inutes to obtain luf f c i nt strength to e.rry 
a canter load of 5 00 and a rtf;' v at tahino a peraanent 

sot. It » ',3 n*-xt calibre t»d in o h- nd-o.a.-r*.t&d, t-n ion- 
tasting, machine to obtc in a loe<l-d*f i ction curv . * 

di-1 indicator suitably taouat. d on «. flat plats 

directly under toe . clnt of lo-nin : *0 *•** t h -fleet 1 ons 
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of the tear unJer tu* r riuux lo .dim;* could bs accurately 
••asurcd. F v ->ta the- e uef ! • at . h*j nd the a„.s?iis<i load, 
obtained fro* t.\» t*. tin 5 as* chin , lotu deflection 
curve w«.s eon.*tru *c d. The eurv,, vodifi»d t? include 
thv i*bt of tn«* lo alt* .• ci* ■-«!-»> hi eh 58 1/2 
ounds, so that tlv# • etu&l bcarl**-- -^ensa. e in crcads ocr 
r iU re inch of proj ct • eve* could In obtr.lned for any 
deflection. This curv» it ehcnra In FI, urn 4 . dup orts 
c t ;h .'iid of to lo,- 1 btr trstrualt t lo I to f e tic- 
rods. 

The point of lo.din is t-.u hoad of * 3/8" hex- 
&fonvl bolt secured on tu, bottom of t * Iv v r *o. r. 
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atild *t»tl took- 2* x 2 :/?» x li», Xt 1. fitted at 
on* • l!**J vita a 2* cj»*. -hardened roller follower »hich 
reuains in contact *-itn a rota tin ca: . Tus lev r is 
*u > nor ted by tr.o eorlufi ^ith sufficient tension to in- 
sure c outset but* cn or end follow r . It is ,.*ivot»4 at t 
other end os & i«cv of <* rounu steel a tuck so tv. t a 
ratio of t..*i distance, froa thi' -Ivot to t-»* roller to 
the distance fr-oss the iv t to tnc load tar is 5 to 1. 
in this *ay the lo«d on the Load b.r is fiv tinea the 
vhleh t"*v e: t /. rt3 vsi to? follower. 

The car i. ««■ -ai>rdsn*d, -.cfiua carbon t *_1. 

It ir ?* vlto and ii designed to iv# * lift of i/4* over 
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tm «'• . c c>f 2 20 ^ T.‘«* c •• i- r.»t< - 1 tu* u h & 

Chevrolet trta- - ■»! #n fry . ., 11 vo it, #huat 

ound, dlrsct ourr. t - Her. Tt* b’t r i* fltt .u s Itn 
.» field rh*oiUt for ~ eontr > 1 . is t .a transmission 
o llcrvs 5 cad n^ioi of 3 : 1 , i 2 f2 1 1 , sun 1 : 1 , * ride 
r»33-* >t o? 4 • c*. if &v 1 i*r> . e . 

• * »e*jv */* • f* f -v-s*'** <*• 

. .. ., , S.* 

The «lo •!«•; of tti .1 ctrtc 1 circuit by jll file 
br--s.ua:>' ...t- - tits -l.it o T hr* t Ado**, .ana. 

Xa# circ -it cone.ut# oi four or/ o in 

par* lisl 4 in 3 ri a viih « sr.«ll 6 volt tti? I nn 

a^setir racf Kn if , itch. Ofie l<**4 ?n ,2 this &■-> »& "attic 
i- te.U n to 0 !.»’ of the x-*st b» 6 rin ul'Sc Ooit' ft cove 
the at oils* bach. T-, ?t* --r i>-.* to *- suit. 1 / count. *d 

cop/ir vir j * hich e* its in coat*, et vitli the rotating 
t ,t shaft. kz ion* n an >ii file Is saint it. .3 b.tt? an 
the shaft and tost b ri. , i._ . * cclrlcil circuit is 

int rru. till »ri no current can flo . *.t fcu - inat-.nt of 

>11 ftX bra* adj^n, th« circuit i cos ‘-1 i , t‘..< 1 .. ■- 
li jhtf, uni t * MWft«ter I. dafieets^l. 
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T. c iubric.. tin.f oil siiaul/ is fret & tank loc. t d 
uo f~!>t tberro tn s. chine. T-.*» oil, rule: is /r.vUnjsljr 

c ntrlf ~f«ci, it- rio lv*t; st tu-i bus-ri: th; uu,h <-i filter 

at a ttrast. ire of 9.5 ‘ounus ?*** s *uar * inch. Ti. e 
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fitted tar te.* t *n b* * '<•’ vitl only >r ; ;u rlc-r.t, the 

Ch~ racterl sties o* vLief* ?• b -r . 'iven. 
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Procedure 



I he load bsr deflection vt-s obtained fro* 
tar load -deflect lam curv f r>r t. Waring pr sure to 
b*. Tn*i c woe rotated to ive th-» *a*l*oa 

deflection of the lee r bar, Tin.* adjusting nuts on 
the tie-rods w-re fch^n $> t to -,iv the desired doflaction 
o! t e load bar. ?h n *h4a«t ;»ts y*t * satisfactory the 
test s hr ft ras rotated by it* >otor. w>ced -sras increased 
until too dying out of the tort 1**.* or rero deflection 
•of the ».• later indicated that -an 11 flics had Wen es- 
tablished* The shaft ess allowed to run to Injure constant 
condition* in the Warin', an i than gr&h no lly u loved un- 
til breeder * of t « oil f! In occurred- This *;.» evi- 



dent by the deflection of the eeraet-r or fllc.trln,: or 
lowin' of the t —t la • A steady glo*, barely visible* 
res arbitrarily assumed to be t«v. joint of bresxcown of 
the 'ill fils. Test loum-ti r. .a. one- t;< ...peraturst of 
the bearing vss obtained for this condition. The pro- 
cedure »ius r-- o&ted s *voral tin-.** until journal i*. .a,. 
fe*d bo . n satlafectur tiy che cued. 

After obtaining bre&adore data for atr&dy load 
condition, t; j c«.- o -ore tin ? so tar was start d, -nd toe 
load ao Had intermittently. *»lt; each revolution of the 
cess th- load «*s si tern -tely applied and relieved* Tne 
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journal soe*d **.« incf'n- d until r fils ras establlshad, 
and th*n gradually rloa -Z . a before until filre bf •&<Ss»n 
occurred. 

Data r&s :'r tit art:.,; -re^a-'jra# b*t**ea 
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fug aroi f >r st**cy and Int ittont lo din . 
p«rt cedi? to d torsdcc jju * o.*eds at fil-s 



T-jvC runs 
fcr ..sk- 



dovn ssoints for v : ions frequencies of load in . o <*ata 

irna obtained in ao off or t to corrcl.it.-. bearin* tes. 

tur- .t.d oil Tisoaity wlln journal -?d for coast nt 
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Gii Viscosity v . J -urntl V ee V.y for St*»*.dy Lor.ds 

It I- if 1 11 *no.n to .-11 ho h&v ofc: rr*?d h- ...vy 
eeehin- ry start fro*, r* it »rsd ran slorly t:«t frictional 
resistance i* r . t. ? *i# 1- vt tout fcooi *n>.as 
e.-jsn.rtin ; fro- tn b *r:n-w, ami tv jarhy irregular 
: 4>otl >£i of th nuvinj oart** Un • r tvs: * conditions toera 
is -etat to ftetal coit*ct ui'1 inter lo :Xia / of t :e minute 
lrrsfiule t ities of too .urfaces* Bound* r> friction ts 
occurrit- , as $,>« 6 1# Iner.u id, ta«» groans boc )*r# 
fo?er «u*u less Interns- , no finely the rsov * i* t** .♦ * B.210 o th, 
even, and noiseless. The viscous file <sf oil U.-,s be»n 
£or~«d, ,>crf »et lubrication is -it t .. lu • rt , sid ■'. viscous 
friction condition is tee result. Icletiv* ‘sovanssr.t of 
the trn aurf. ee* !•►'.» built J.t> en oil f II*. due to viscous 
drag, until they a**a entirely se^srst.vd. «n .er uuc-; con- 
ditions friction is that due to t no resistance to shear 
offered by t..e luuricwvt. I . v rua of this resistance 
de .ends u • ton 

1. VlJcoi.it/ of the lubricant 

Z* Relative s/auert of the surfaces 

3. Are* of toe urfaees 

4. Thiel mess of the all fils. 

Since tn-- friction of jour.: la is r« ctieuliy 
Inde jendent of tu lo d « - n th-? .• i sufficient to 
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«£. lutein t, prt sur fils bet ti> t**o turfs^ces 1 . 

It roulfl be valusbl • t*.» wot tfc*.- re -.tion of th v» "table* 
on* to *mot: .-r in estebliihln i ani t'vs oil 

fil*. An fitt* t **; s r. ;*« t ' e vrr , tv t - • first 
na 'Hi/, the vi*o >slty t-.c. -ubricrnt .*£ rai* tire soead 
of the surfaces. Ti 'Id not • it *» Ir.v »tiu tion of 
t..« effect of Vi-ryin.j sarfrc • ar$*. *nd thickness of oil 
m*. .This i u t f.sily be '* *• vi by a iuj tout twsriav.s 
-f v rlous .1 n:V , -0 y -'/h. r.tdifel el** mr.ou r s.v.ctivc- 
ljr. The r.»oultt of the Inv-atl . tion ar •« rhora In fi «*# 1. 
A lo;;erith 'ic /lot of the. t d. t& jhrsms tin t jo’jru* 1 speed 
varies inversely -s (yiroo-i iy r-&ybolt Cnlv real) x * *-5 

or Journal m.s. = (viicoXIty ^** 15 for •* constant at cdy 
lo;,d. 



- _v brication nd lubricants. r». 
Dfl cly. 
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Tilts results obtained hc-.vo boon divided into two 
relationships shorn grt ; hically by the curves of figure* 

j 2 f £»S3Ca • 

1. figures 2 u.»4 24 ro.iro. 1 out the direct results 
of t; ,.e b&aic investigation* In Fi. ; urt 2A oil .ft In break- 
darn pressures In, pounds 'or a ;. ( »n inch of projected 
bearing area are 'lotted against ewes > ending jaurml 
speed® In revolutions pgr* simite. These points were token 
with the afcahlne operating at a enra frequency of DO per 
sinnta, and at bearing tew?;#r* tares varyir. . fro® 60° to 
70°F. This curve indicates taut t,.e loud c rr/ing capacity 
of an »il fils within a baa r in,; of the ty>e u# ;d under con- 
ditions of s teedy loading is ,$re ter tbsun tret of ar oil 
Til's under conditions of intermittent ior.di»*> . It is noted 



that tne increase in bre^».o own pressures versus journal 
* need a is a straight line relations!*! . in each of ta< two 
types of load in ♦ The curves being practically parallel 
show thst tha breakdown ,Tissurs under steady loading ex- 
ceeds tlrt of tae intermittent loading by about 45 pounds 
per seuare inch. In Figure 2 the br« :• kti ;wn pressures in 
pounds per square inch o: projected bear in area are 
slotted against the function the syxbols of •'hi eh 



have tun following si nif ic: nee: 
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-r- - ab. oluti viscosity in c- ..ti 
K - journal &■; eed In -<?voVaiion» r* s&inut© 

«* - b*-> rtr.£ *r*r#ur© in >ounla o -r s uiir® 
inch of projected area 

(The absolute vli-co # i*y in cwt l o'sos vss obtained 
by as® of curve 3A, the tea .sr^ture of the bearing being 
aasuaad to H © t v -e r ».*• «,» V a t'* wu-tur© >f l n» oil fill*. 
The error incurred by this *ssu. tiort Is b- ilev-ui to b*ve 
no effect >n the eoar» native vaiu ; s of the re. nits.) Figure 
2 shop* t!'( *•«'.* ti nit’ hio of bn - hr*.. kdo«n or«5M>." .» for 
the tiro tyve» of load in ; with tb.o tostperata a factor 
corrected for. Thvt 1 , it pllnln&tes to# .osaibJlity of 
distortion *‘uc to chart in viac.**ity r . uit’r. fro' the 
variation in feenrinj te .i*erhture. This curve » Iso 
shows the hrrtXdovn . ra^aure to b* §r * t c*r for steady 
loading than for Intaraittoat lor din % 

2. In Figure 1 viscosity, r&ybolt Universal, 
and be&rin trrnere tores in tie ra«> Fahrenheit were .slotted 
a/ainat jour* 1 v loci?,/ in f *>ot per ” inut*, . this curve 
shows tbrt ir.cre se>- in be* rir t * ^erttures Indicate 
lower virco?U ?-cs • nd re utro -jrejtfcer joum • 1 velocities 
to nc*i«t;.ia the oil filo under a constant load, (In this 
crpo, tnv load ?;,-v -oands -**r s .u/.re inch. O'* iro,1ect*d 

or a.) 
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Discus sic® of Results 

1* The results I nJicatod in Pi ,ur«3 ? sad 2A are 
contrary to jeeierally accented theories »s to ho® the 
bre kdovzi pressures under steady *-nd intsrclttcnt loading 
shouts compare • Archbutt :r.d Deelty »*&« tfco following 
statecant, "In so*e eases the ie&o* upon bearings ©re 
by no attune constant* for tiae fr.caa often Alternately 
approach «-nd recede fross suci. ni:,«r. When thi» is the 
case, end t'ru» alternation is very re . id, the bearing will 
curry a very greet vsi./ht, for at cash eiteraction the 
pressure is completely relieved, end the oil *tr*;u>ed* 
cannot b« expelled during tha short tine the load rests 
on the bearing * n * 

It is rrofeable in the case of interaittent 

loadin.T the load vs a, -lied to the bearing bec&a* eccentric 
due to a $ i i 'tit angular .xoveeont of the load in.: cechaals« 

In the- rake of the lev .r b».r* This ■sould cause the oil 
fiin to t-rauk down sere vjiskly ths.* if it were -p-iisd 
through the cantor of the tau'Iftj, os in the case of steady 
loading which existed, i.o r§ nearly duplicated the con- 
ditions found in many engineering use© of this type of lo&d- 
•ini, -s in crank pin cad erlst pin bearings. 



■*■£•©« "Lubrication <*nd Lubriccnts* 
Deeley* 
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2, A study of figure 1 .‘hors tn t tc rtxtioas In 
the t«a jcrsturc of th# oil fila tad sort** -uer.t cliuis-.* 
in its viscosity h?*v« s *?*-r .ed u;cm th« currying 

• • r of the fii®. 
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H e co'aaend a t i on s 

It is recossendcd th* t further inY-stig tlons 
of the bcavior of an 'll fil* in & bearin ; under oi>ady 
end intv raittent lor- .’.a be e vn uetui . In connect -on there- 
with tlK- folio* in • * u -i tljr.fi are subuitt >3; 

1. The rt i it/ of that rt of th*- lovdln 
mechanism including tht Icuri bsr, tuo rod a, and strir.;' bach 
should be 1 'proV' cl to {'rarest an uia** act on of th *c 

arts -s tu» lo . j is* lit d. Thi* should ell®inate ex- 
cessive vibration and t.v? possibility of eccentric load- 
ing. 

2. Finer »p*«d adjustment of both tna journal and 
cm operating motors should be secured* Also a rider ? nje 
of * eed control for the journal o waving motor is necessary 
In order to inv stl ,atf, conditions of lecoin/ *r--tcr than 
630 lbs. per a.. in. 

3* The effect of fre uency of lo.cinj upon the 
hr**’ dom 5 -ressnr^s is still uodttim in«d .usd off #ra an 
interartiaA field for i .rt ser research. 

4. Toe effect of ti * of application of t-e loud, 
and the use of v rious types of oils supgast othor lines 
of investigation. 

5. It mould be inter stiri;, if possifc i, to analyse 
the broakin . down rocoss within th. f lla from the point 
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of first & fc:.l to «ts L e xitsct until eaalsuai 
it* a occurred, for to to coalition lo^oir 
deter-tne at rhst of th- oroces* *c >rt: 

bear Ln;, or sseiaure is j*. t to result. 

This analysis be &*u# by use of f 

in toe in tcat.r circuit, >r*>vi*:ia * dullest*. . 
lo ^ control h&vo b*ra secured an.? t.,art 1# v 
vibration in toe ^opor&tas* Th« bearing sfeouJ 
and injected for „»ej<ri n-„ aft r **«Jh desired , 
down be; a beer, r .r»c*.»d* 



hrea&dawn 

i , m»v,i to 

• o.‘ th# 

i nilliawset r 
>y«#d and 
•r/ little 
Ld b * resored 
oint of break' 



Cef.ao. 



i cJcno«l*dgasat i. .. . :<• prlorily to the >.uvy 
i-e-> irt . -*nt, *tiich th >u - t.vo /oat r^du*t« -euool of the 
0. 5. ISmv .1 fO:3 my ciadc fevalitbl? both tJv* ll-.> cad the 
ranJa for tuts r • .-.-i-rc.'i «»i;ich I. o su;. t ls< the 

t?o nee* 30 a»ry : oi or . 

“* arc «*r«tstiy indebted to L, J. Sr cfor-, 
Frof«a&mr of it-; chine I-e.;lcn it The rVmu'y iYi.nl & ~>t' te 
Coil's/ • for his. ts ny fce.l fui *u ,c -»tio« . 

els* “i <h to z£'r?s s Tutitudr to L. 
rof >* a or of i l#etrie« 1 --i; in arts ; F. C. .r*rt, 
Associt te rrofeoeor in Charge of the *l,-cru.hie 1 -r layer- 
in' Laborat r/; end to t-:» i/« :-s.rtui«st of ilur»y for 
their aid ?.r.d cooperation. 
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